Rice stripe virus (RSV) preparations contain a previously unreported nucleoprotein component (nB) which sediments faster in sucrose gradients than middle (M) and bottom (B) components; the latter two components are 20-fold more concentrated than nB. Electron microscopy of purified nB preparations revealed filamentous particles (8 nm wide), and other structures which might be derived from these particles. The nB preparations contained four RNA species of tool. wt. 0.9 x 106, 1.0 x 106, 1.4 x 106 and 1.9 x 106 (2700, 3000, 4100 and 5600 nucleotides respectively); the three smaller RNAs may be derived from M and B components contaminating nB. A single protein (tool. wt. 3.2 x 104) was present in M, B and nB preparations. The nB component appears to be required for infectivity because the planthopper vector (Laodelphax striatetlus) became viruliferous after injection with nB but not after injection with M or B.
INTRODUCTION
Rice stripe disease has a broad host range in Graminae (Shinkai, 1962) and sometimes causes serious damage to rice crops in Japan and South Korea (Iida, 1969; Lee, 5969) . Kuribayashi (1931) showed that the disease is transmitted by the planthopper, Laodelphax striatellus Fall6n and suggested transovarial transmission; this has been confirmed by Yamada & Yamamoto (1954) and Shinkai (1954 Shinkai ( , 1962 .
The disease agent has been reported to be a virus, rice stripe virus (RSV), with branched filamentous particles 8 nm wide. The particles contain one protein of mol. wt. 32000 and single-stranded RNA (Koganezawa et al., 1975; Koganezawa, 1977) . RSV preparations separate into top (T), middle (M) and bottom (B) components on sucrose density gradient centrifugation (Koganezawa, 1977; Toriyama, 1981 Toriyama, a, b, 1982 . The RNA of RSV consists of three segments having mol. wt. 1.4 x 106, 1.0 x 106 and 0.9 x 106. M component contains RNAs of tool. wt. 1.0 x 106 and 0.9 x 106 and B component contains RNA having mol. wt. 1.4 x 106. T component may be an artefact resulting from degradation during purification (Toriyama, 1981 (Toriyama, b, 1982 .
RSV particles are novel in their morphology, but Gingery et al. (1981) found that maize stripe virus (MSV) preparations contained long thread-like particles 3 nm wide which appear similar to completely unfolded RSV particles. A purified preparation of MSV was not infectious when tested by injection into the vector, Peregrinus maidis Ashmead. In contrast, an RSV preparation, purified by the equilibrium 2H20-sucrose density gradient centrifugation, retained its infectivity, but did not do so when purified in a CsC1 gradient (Koganezawa et al., 1975) . However, I could not confirm the infectivity of either the middle and/or bottom component of RSV, purified by different procedures. This paper reports the 0022-1317/82/0000-5047 $02.00 © 1982 SGM s. TORIYAMA existence of a further heavier component in the RSV preparation, which is infectious when injected into non-viruliferous planthoppers.
METHODS
Virus and plant material. RSV was maintained in wheat or rice seedlings and was transmitted from plant to plant by viruliferous planthoppers (L. striatellus). The infected glasshouse-grown plants or field-grown rice with typical RSV symptoms were used for virus purification.
RSI/purification. About 80 g of leaves freshly harvested or stored below -20 °C, were blended in 280 ml 0.1 M-Na2HPO 4 containing 100 raM-sodium diethyldithiocarbamate adjusted to pH 7.2 with solid ascorbic acid. The homogenate was squeezed through two layers of gauze, mixed with 60 ml chloroform and stirred for 10 rain. After clarification by low-speed centrifugation, the supernatant was adjusted to 8% polyethylene glycol 6000 (Nakarai Chemicals, Kyoto, Japan) and 0.1 M-NaCI and then kept in an ice-bath for 2 h. The precipitate was collected by centrifugation for 1 h at 52 000 g and the pellets were dissolved in 0.01 M-potassium phosphate buffer pH 7.5. After centrifugation for 10 min at 4200 g, the supernatant was centrifuged for 2 h at 123 000 g. The pellets were again dissolved in the 0.01 M-phosphate buffer pH 7.5 and the partially purified virus suspension was adjusted with solid ammonium sulphate to 30% saturation. Immediately after solution of the ammonium sulphate, the mixture was centrifuged for 5 min at 4200 g to remove insoluble impurities. The supernatant was then diluted approx, fourfold with the 0.01 M-phosphate buffer pH 7.5 and the virus particles were pelleted by centrifugation for 2 h at 123000 g. The pellets were resuspended in phosphate buffer and centrifuged in a 10 to 40% linear sucrose density gradient for 4 h at 24000 rev/min (RPS 25-2A, Hitachi, Japan). Virus bands in the gradient tube were removed with a syringe, either separately or in combination. The virus was diluted with approx. 5 vol. phosphate buffer and centrifuged for 2 h at 123000 g. The final pellet was dissolved in 0.01 M-phosphate buffer pH 7.5 or 0.02 M-tris-HC1 buffer pH 7.5.
Infectivity tests of purified RSV. Purified preparations were injected via a thin glass capillary into the abdomen of third or fourth instar planthoppers (L. striatellus) which were fixed between two layers of stretched parafilm. The concentration of the RSV preparation injected was approx. 1 A260. The transmissibility of each injected planthopper was examined by feeding it on a rice seedling (cultivar Norin No. 8 or Kinmaze; third or fourth leaf stage) in a test tube covered with mesh-net. Every four days each planthopper was transferred to a fresh rice seedling. Inoculated seedlings were transplanted into soil and observed for the appearance of RSV symptoms for 1 month after inoculation.
Preparation of nucleic acids and gel electrophoresis.
A purified RSV preparation was adjusted with SDS to 0.5% concentration and emulsified with an equal volume of water-saturated phenol containing 0.1% 8-hydroxyquinoline; the mixture was maintained at room temperature for 15 min. The aqueous phase was separated by centrifugation for 10 min at 8600 g and re-extracted with the phenol mixture. The aqueous phase was washed three times with ethyl ether to remove phenol and the nucleic acid was precipitated with 2.5 vol. ethanol at -20 °C overnight. The precipitate was recovered by centrifugation for 10 rain at 8600 g, dried in vacuo and dissolved in 0.02 M-tris-HCl buffer pH 7.5. The nucleic acids were analysed on 2.5% polyacrylamide slab gels containing 7 M-urea. The electrophoresis buffer system was that of Peacock & Dingman (1967) . After electrophoresis, the gel was stained with 0.2% methylene blue and destained in water. Tobacco mosaic virus RNA (OM strain, Japan; tool. wt. 2-1 × 106) and ribosomal RNAs of Escherichia coli (tool. wt. 1-1 × 106 and 0.56 × 106) were used as molecular weight standards.
Analysis of the protein in each virus component. The protein content of each virus
component was analysed on SDS-10% polyacrylamide slab gels (Laemmli, 1970) . Just before electrophoresis, each protein sample, mixed with the gel sample buffer, was heated for 1 min in boiling water.
RESULTS

Purified virus
Purified RSV preparations always separated into two bands (M, B) after sucrose density gradient centrifugation (Fig. 1 a) . When virus was purified from larger quantities (500 to 800 g) of plant material and the resulting 15 ml virus preparation was loaded on to three 60 ml sucrose gradien~ tubes, large pellets were found at the bottom of each tube. The pellets were dissolved in 10 ml 0-01 M-phosphate buffer pH 7.5 and this was given a second sucrose density gradient centrifugation. A new band (nB) was observed below B component (Fig. 1 b) . By taking fractions from the region in the first gradient where nB component might be expected and subjecting these fractions to a second cycle of gradient centrifugation, it was found that nB component was there even though it could not be visualized in the first gradient. Rarely, a very faint nB band was visible in the gradient tube even in the first centrifugation. The nB component was always accompanied by the M and B components even after two cycles of gradient centrifugation. The content of the nB component in unfractionated RSV preparations was very low and was estimated to be 1/20 of the amount of M and B components as measured by absorbance at 260 rim.
Electron microscopy of purifted R S V
RSV particles in the M and B component preparations stained in 2 % phosphotungstate pH 6 were observed mainly to have branched structures, but partially uncoiled structures or completely unfolded long threads 3 nm wide were also present (Fig. 2) . No clear cut difference could be found between M and B components. Some of the unfolded threads showed a coiled structure (Fig. 2 b) . This pleomorphism of RSV particles varied over different parts of the same grid and also varied with staining procedure. Staining with uranyl acetate caused most particles to be completely uncoiled and this was not prevented by fixation with glutaraldehyde or osmium tetroxide.
On the other hand, the nB component preparations contained few branched structures and more rigid rod-shaped particles than did M and B components (Fig. 3 a) . Fragmented rod-like particles 8 nm wide and with a dark central canal were also observed (Fig. 3 b) . However, preparations of nB component which were stored for several days at 4 °C contained primarily particles with branched or partially loose structures (Fig. 4) . The rigid rod-shaped particles were rarely observed in M and B component preparations.
Ribonu¢leic acids of RS V
The RNAs of the M and B components consisted of three segments (Toriyama, 1982) . The nucleic acid of the nB component was found to contain an additional component of mol. wt. 1.9 × 106 (Fig. 5A ). This and other nucleic acid species were determined to be RNA on the following evidence. (i) All four bands on the gel disappeared after treatment of the extracted nucleic acid preparation with ribonuclease A. (ii) No colour reaction indicating DNA was found in nB component nucleic acid by the method of Ceriotti (1952) .
On electrophoresis of glyoxal-denatured nucleic acid (McMaster & Carmichael, 1977) , the three RNA segments of M and B components and the four RNA segments in nB component preparations also appeared. 
Protein in nB component
The M, B and nB components contained one major protein of mol. wt. 32000 (Fig. 5 B) . When a large amount of protein sample which had been kept in a buffer containing SDS overnight and then boiled for 1 min was loaded on the gel, other minor components were found, but no difference could be detected between M, B and nB components.
Infectivity test of each component
When M and B components were injected into planthoppers, either separately or as a mixture, none of the 297 planthoppers could transmit the virus to rice seedlings. On the other hand, planthoppers injected with the nB component transmitted the RSV after an 8 day incubation period (Table 1 ). The nB component obtained from one cycle of sucrose density gradient centrifugation, and which contained relatively large amounts of M and B components, was also highly infectious (37.5%). Most of the planthoppers which became viruliferous continued to transmit RSV to rice seedlings. The symptoms which developed on the infected rice seedlings were a typical stripe, severe chlorosis and moderate stunting. The presence of RSV in the plants infected with purified nB component was confirmed by electron microscopy and serology.
D I S C U S S I O N
The nB component, but not M and B components, was infectious when injected into the vector. Between 14 and 40% of planthoppers injected with the nB component transmitted RSV to rice seedlings. The infectivity of the nB component was relatively high considering that Shinkai (1962) reported about 20% transmission by planthoppers fed on RSV-infected plants. Koganezawa et al. (1975) showed that M component of an RSV preparation containing mainly branched particles was infectious. They had purified RSV by equilibrium 2H20-sucrose density gradient centrifugation, and in their infectivity test experiment a highly concentrated virus preparation (A260 = 10) was injected into the planthoppers. It is possible that their M component preparation was contaminated by nB component which had not been recognized at that time.
The RNA extracted from the nB component consists of four species. Since nB component could not be completely freed from the M and B components even after two cycles of sucrose Branched, partially loose and completely unfolded particles; (b) a coiled structure of unfolding particles of RSV; (e) completely unfolded thread particles. Note the coiled structure of a thin thread itself. White dots with various sizes are artefacts (staining unevenness) which frequently occurred in the specimens of purified RSV preparation. Bar markers represent 100 nm. density gradient centrifugation, it would seem likely that the three smaller R N A species result from this contamination. Thus, it is probable that the largest R N A species of mol. wt. 1.9 x 10 6 is derived from nB c o m p o n e n t and that this species is essential for infectivity. Since the s. T O R 1 Y A M A thread-like particles were found in RSV preparations and they seem to represent the nucleocapsids of this type of virus. The majority of the threads in the infectious nB component of RSV appeared to be coiled to form rather rigid unbranched rods about 8 nm wide. This rigid structure became partially uncoiled upon storage and then formed the branching structures seen in M and B component preparations. RSV has a coat protein of mol. wt. 32000 and no other protein was found in the nB component. Therefore, the rigid rod-shaped particles in the nB component, the branched particles and the long thin threads all seem to be composed of the same coat protein subunits. This also suggests that the fundamental structure of an RSV particle is filamentous and extremely labile. The length of the particles in each component could not been measured owing to their pleomorphism. Koganezawa et al. (1975) reported that the total length of branched particles was about 400 nm. It is possible that the length of each component particle depends on the size of the RNAs. R S V is serologically related to M S V a n d these viruses a p p e a r to c o n s t i t u t e a new virus g r o u p ( G i n g e r y et al., 1981); b o t h are p l a n t h o p p e r -b o r n e a n d t r a n s o v a r i a l l y t r a n s m i t t e d in their vectors. Rice hoja b l a n c a virus ( R H B V ) , winter w h e a t m o s a i c virus ( W W M V ) a n d E u r o p e a n w h e a t striate virus ( E W S M V ) are also leafhopper-or p l a n t h o p p e r -b o r n e a n d t r a n s o v a r i a l l y t r a n s m i t t e d in their vectors. U n f o r t u n a t e l y , the s t r u c t u r e of these three viruses is still u n c e r t a i n . A flexuous thread-like particle approx. 8 to 10 n m wide h a s been o b s e r v e d in Serjeant (1967) reported that particles of EWSMV sediment more slowly than those of tobacco mosaic virus. However, the putative EWSMV particles could not be clearly identified in the infectious fraction. These observations suggest that RHBV, WWMV and EWSMV might be similar to RSV, not only in biological properties but also in the morphology of virus particles.
